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SIR JOHN RENNIE,  President, in the Chair. 
No. 734. “ On  the  relation between the Velocity and  the  Resistance 
encountered by bodies moving in Fluids.” By John  Mortimer 
Heppel,  Grad.  Inst. C. E.* 
The determination of the relation  between the velocity and  the  re- 
sistance encountered by bodies moving i n  fluids, has always been an 
interesting  topic of inquiry,  as well to  the speculative  philosopher as 
to the practical mechanist, and perhaps on no portion of physical 
science  have more  pains been spent;  whether  looking to the sagacity 
with  which  experiments have been devised, the liberality with which 
they have been carried ollt, or the mathematical acumen with which 
their  results have  been  classified and  brought  under  general laws. To 
enumerate the names only of the men, illustrious by their science, 
who have brought  their energies to bear on this subject, would fill a 
larger space than these few remarks are intended to occupy. It is 
sufficient to mention Newton, who in this, as in so many  other 
departments of philosophy,  first shed  the  light of his  brilliant 
genius  on  the former  obscurity ;-after him  the  scarcelylesscelebrated 
Daniel  Bernouilli, and  in  later  times Bossut and  De  Buat, whose pa- 
tience  and  accurate  research opened such a multitude of obeerved facts 
to  the  contemplation of the theorist. Again,  the valuable experiments 
of the French Academicians ; the indefatigable labours of the late 
Colonel  Beaufoy, So liberally made available for the objects of science, 
by his son ; and lastly, though not among the least, must be men- 
tioned the excellent experiments on canal boats by Palmer and Mac- 
neill, given in the Transactions of the  1nstitution.t  After  such a re- 
trospect it may appear  presumptuous  in a young  and  unknown 
individual, attempting to add anything to a subject already enriched 
by such contributors ; as his remarks, however, are brought in an 
humble and modest spirit, and so far  as  he is aware, have not been 
anticipated by any precisely similar, he begs to lay them, without 
further  introduction, before the  Institution. 
It will no doubt be recollected, that in the cases already glanced 
at,  the almost invariable method of experimenting,  has been to  attach 
a weight, or  other  known motive force, to  the body in question, and 
to determine,  by  direct observation, the  quantity of this,  corresponding 
* The  discussion of this paper extended over three evenings,  but an abstract 
of  the  whole  is  given  consecutively for the sake of facility of reference. 
Vide Trans. Inst. C. E., vol. i. pp. 165-237. 
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to  an  uniform velocity of progression.  From  this method it  has 
necessarily followed, in most instances, that the bodies subjected to 
experiment were of moderate dimensions, and the theoretical views 
derived  from the observations, have been extended to those,  which  from 
their magnitude,  have been placed beyond the range of direct  experi- 
ment. In the experiments of Palmer and Macneill, the same mode 
of proceeding was adopted, by applying the dynamometer to boats 
moving on canals,  and  from the magnitude of the scale of these 
experiments, as well as from the care and accuracy with which they 
appear to have been conducted, they  must be very valuahle. Gigantic, 
however, as these bodies were, as compared with those which had 
previously been brought under investigation, they become dwarfs in 
respect of the vessels, the  knowledge of whose properties  is every day 
becoming a matter of deeper practical importance. I t  has often sur- 
prised the  author,  that these vessels themselves had  not been  made the 
objects of experiments, with reference to this question, and more 
especially, if  it can be shown, as  is  here attempted, that those propelled 
by steam, more especially, unite  all  the  conditions requisite  for 
obtaining easily and simply, accurate  and  important repults. The 
form, however, of these experiments, must differ from that of the 
former ones, as the  tractive power requisite to maintain  a high 
velocity, in  such large bodies, would be far  greater  than could be con- 
veniently  disposed for such a  purpose. 
There is, however, another no less certain mode of inferring the 
amount of resistance  encountered by a body, which  is, to remark  the 
diminution of velocity, produced in a given small portion o f  time, 
when the hody is exposed to  the action of this resistance  alone,  from 
which diminution of velocity, the force which produced it may he 
inferred with  mathematical precision. Let it be presumed, in  the 
first instance, that  the velocity with  which  the vessel is at any  instant 
moving through  the water, is  capable of being measured and 
observed ; then  having set the vessel in  motion,  with a given velocity, 
let the action of the motive power be stopped. The only forces to 
whose action it will then be exposed, are  the resistance of the water 
and the air, of which theformer will be by far  the more  considerable; 
but of both of which it will always, under  ordinary circumstances, at 
the same velocity, have the same amount to encounter, and whose 
amount,  therefore, constitutes  the obstacle to  be overcome by  the mo- 
tive power, and determines the quantity of that power, always required 
to maintain that velocity. From the instant when  the  engines are 
stopped, the speed of the vessel will obviously diminish,  and  let  the 
amount of its diminution during some small interval of time, say a 
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second, be  noted;  that is to say, the difference between the velocity 
at  the commencement and at the end of that interval. Now if the 
vessel had been subjected to the action of a force equal  to  its whole 
weight,  the  amount of velocity destroyed in  a  second, would have been 
32 feet  per  second, therefore, as 32 feet is to the observed  loss of  velo- 
city, in  feet  per second, so is  the whole weight of the vessel, as shown 
by its displacement, to the force by which this loss of velocity has 
been produced ; that is, to  the  united  resistance of the water and  the 
air, corresponding to the velocity in question. I t  is here assumed, 
that the force of resistance, for the small period of the observation, 
may be regarded as uniform ; a supposition which is not precisely 
true,  as  the resistance diminishes  with the velocity ; the smaller, how- 
ever,  the  interval of time  which is taken,  the  nearer will this  suppo- 
sition be to the  truth,  and if the inferred resistance  be  taken,  to cor- 
respond neither to the initial nor the final velocities, but to their 
mean, the error will become infinitesimal. A more important source 
of error would be fomd  in  the  circumstance of the  resistance of the 
paddles, or  the screw, where  they  are  arranged so as to  be disconnected, 
being  included  in  the determined resistance;  and  in these cases, this 
would have to be allowed for and be deducted. As however the re- 
istance  to flat surfaces  has been so fully  investigated,  this would occa- 
sion little difficulty. An example perhaps will serve better to render 
the foregoing proposition  clear.  Suppose  a vessel t o  be  going  through 
the water, with a velocity of 15 feet per second, and on the  stopping 
of the engines, the speed be observed in one second, to sink  to 14+ feet 
per second, the velocity destroyed in one second of time would be 
equal  to 6 inches ; this is &h part of the velocity which would have 
been destroyed, in the same time, by a force equal to the weight 
of the vessel, and the force which destroyed it, is therefore eqnal to 
&th  part of that weight. Now  suppose  this,  as ascertained, from the 
displacement, to  be 1000 tons, then  the mean force of resistance be- 
tween the velocities of 15 feet and 144 feet per second, is '$80 tons 
and  the  power  expended  in overcoming this resistance, at  the mean be- 
tween the two velocities, or 142 feet per second, is- 
Having thrls described the mode in which the observation should 
be  conducted,  it  may  not  be  uninteresting briefly to notice  the  advan- 
tages  which  might  result from a well arranged  set of experiments on 
this plan. 
In  the  first place, it would offer an infallible means of testing the 
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qualities of any  particular vessel, apart from  those of her  machinery ; 
since the action of the engines, being stopped during  the observation, 
has clearly no influence whatever on the rate of diminution of the 
velocity. The observer would thus, in  case of any deficieucy of speed, 
be enabled to fix the fault with certainty upon the vessel, or the 
engines, as the case might be. Indeed, if all vessels were submitted 
to the observation here described, there seems to be no reason why 
their  resistance  should not be  as  precise  and definite a quantity,  and 
as  capable of accurate  expression  for  any particular  draught,  as  their 
displacement; and it might be confidently asserted, that the vessel 
which  in this way showed the least resistance,  ought to beat  all  others 
ceteris paribus, and if she were not found to do so, that the fault 
was  either in the engines, or in  the  propelling  apparatus,  and  certainly 
not  in  the  ship. 
This however, though one  advantage, would not  be  the  only one, as 
a series of observations  made upon the  same vessel, at various velo- 
cities, could hardly fail to demonstrate some expression, or law of 
relation, between the observed velocities and the resistances, which if 
found to  be uniform, within  the  limits of the  experiment, might  fairly 
be presumed to extend to some distance beyond them, so that there 
would be a strong  ground for predicting,with confidence, the increase 
of speed which might be expected to result from any proposed in- 
crease of power. 
Again,  if these observations were repeated for various draughts of 
water, in  the  same vessel, the means would be furnished of knowing, 
&priori, the precise amount of power which should be necessary for 
maintaining a given speed, with any required load. Or if the power 
remained constant, what would be the speeds which should corres- 
pond to various loads,  and  as before, if the  performance of the vessel 
should  fall  short of what  had,been so determined, the  fault  would  be 
in the machinery. 
I t  may be mentioned, that  although  hitherto  no  opportunity  has  been 
afforded  for testing  the  correctness of the views here propounded, by a 
practical application of them,  to the  point in question ; yet the author 
has on several occasions adopted a method, similar in principle, in 
determining the resistance of shafting and machinery, by observing 
the  rate of diminution of the velocity, on shutting off the steam from 
the engine, and having had good reaeon for believing the results,-in 
these cases, to have been tolerably accurate, in spite of the difficulty 
of correctly estimating the aggregate momentum of so many bodies 
revolving at various velocities, he is encouraged to suppose, that in 
the case of a floating body, whose momentum is so easily and pre- 
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cisely ascertainable, the result would be more exact and unques- 
tionable. 
The method  adopted  by M. de  Pambour, for ascertaining  the 
amount of resistance to the motion of railway trains, by the  circum- 
stances attending their descent and stoppage upon two consecutive 
inclined planes, is based upon precisely the same principle as that 
here  advanced. 
I t  remains only to consider, by what  means  the  variable velocity of 
the vessel can  be measured, so as  to  ascertain  it,  at  any  instant,  with 
the necessary precision. I n  the absence of a better, the following 
arrangement  might  perhaps  be adopted with  advantage (Fig. 1) :- 
Fig. l. 
To the bowsprit of the vessel (Fig. l), sufficiently a-head to be 
beyond the  disturbed water, should be screwed a small  iron  bracket, 
carrying a pin, which should pass through a hole in  a slender rod, 
hanging down below the surface of the water, and prolonged a few 
inches upwards above the bracket. Upon this rod, a metal sphere 
should be fitted, so as to be fixed at  any required distance from the 
point of suspension ; from  the  upper  extremity of the rod, a small cord 
or  wire  should  be  brought, passing to some  convenient  spot on the fore 
part of the deck, where it should be attached to one arm of a rect- 
angular lever, whose other arm or index should move along an arc 
of metal. 
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I t  will be clear, that when the vessel is at rest in the water, the 
rod, with  the  sphere attached, will hang vertically, and  the cord being 
properly adjusted, the index of the bent lever will be horizontal, at 
which position the zero of the graduated arc should be marked. If 
the vessel moves through  the water, the resistance  on the sphere, will 
throw the rod out of the  perpendicular,  as  indicated by the dotted  line, 
and  the angle  which it  makes with its  former  position, will be shown 
by the new position of the index on the metal arc. It is obvious 
therefore, that the same  degree of deflection will  always be produced 
by the same  resistance, and  the  same  resistance by the  same velocity. 
So that if the arc has once been carefully graduated, by moving 
with knontn velocities, which would have to be done once for all, it 
would always afterwards furnish a correct indication of the velocity 
with which the  sphere,  and consequently the vessel, was  moving 
through the water, at the instant of observation. A slight considera- 
tion of the  nature of this  apparatus  in action, will make it apparent 
that  the position of the ball, or sphere, on the rod is indifferent, and 
that the same angular deflection will always correspond to the same 
resistance. This would contribute to render the arrangement conve- 
nient  as  being applicable to vessels of various  heights. 
The mode of using  this  apparatus  is  obvious;  an observer, with a 
seconds watch, would note the positions of the index on the arc, a t  
such  intervals of time  as should be  determined upon, when the  dimi- 
nution of velocity and consequently the retarding forces would be- 
come known as before described. 
Mathematical expressions have in the course of this paper been 
expressly abstained from, as being unnecessary to a general view of 
the method proposed. It may however not  be out of place to  remark, 
that  perhaps  the  best way of treating  the observations when obtained, 
would be  to endeavour to discover an expression, representing accu- 
rately the velocity in terms of the time, in which case, its differen- 
tial co-efficient would be accurately proportional to the resistance. 
Mr. SCOTT RUSSELL said, he could not venture,  without more 
careful consideration of the subject, than was permitted by merely 
hearing the paper read, to draw any comparison between the results 
stated by the  author,  and those which  he  had arrived at from the ex- 
tensive series of experiments  he  had  made ; but  his  first impression 
was, that the method proposed was not the most direct, and that i t  
was  liable  to several objections. He doubted,  whether  there  was 
a  sufficient  knowledge of the resistance of flat bodies moving 
through fluids, to enable the portion of resistance  dne to the floats of 
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